Ni(II), Cu(II) and Zn(II) coordination compounds with modified diammine 2,2'-(ethane-1,2diyldiimino)diacetic acid (EDDA) were prepared and characterized. Coordination complexes of the EDDA were characterized by physical measurements including elemental analysis, IR, UV-Visible, magnetic susceptibilities and conductance measurements. The complexes were screened against four pathogenic bacteria like Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and Staphylococcus aureus and their concentrations for maximum inhibition zones were obtained.
INTRODUCTION
Many studies stressed the role of metal ions in biological processes. Whereas the inorganic pharmacology started to be an important field, pursuing more than 25 inorganic compounds being used in various therapies as antibacterial, antiviral and anticancer drugs [1] [2] [3] [4] [5] [6] [7] [8] [9] .
In many such cases the chelating agent is a complex polyfunctional moiety which can virtually enclave the metal in an organic sphere. The geometries of the corresponding metal complexes also offer potency in biological applications. It has also been shown that chelation to the metal center tend to make biologically inactive compounds active by reorienting and forefronting the active sites for interaction with the biological systems [10] [11] [12] [13] [14] [15] .
All these evidences highlighted the importance of metal coordination with chelating agents in drugs and therapeutics. In the present work EDDA was complexed with Ni(II), Cu(II) and Zn(II) metal ions keeping in view the importance of these metals in biological system [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Transition metals being the centre of many metal proteins like vitamin B 12 [16] , hydrogen transfer enzymes like glutamate mutase, methylmalonyl CoA isomerase, dioldehyrase, ethanolamine ammonia lyase, ribonucleotide reductase and many others [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , therefore we got interest in complexation of transition metals with modified diammine adding to our previous work carried out on diammines and their complexation [10, 11, 30] . These ligands by themselves are very potent offering poly chelating sites [29, 30] .
In the context of our current interest in methodologies for constructing substituted diammines, we envisioned a new and versatile access to novel chiral diammine. This strategy involves the synthesis of the ligand by the removal of primary hydrogens from the corresponding amines with alkyl halide to bear diammines of the same class with different substituents. The prepared complexes were then screened against various pathogenic strains by using agar well diffusion method.
EXPERIMENTAL
All the chemicals and solvents used were of Analar grade. Metal(II) salts used were chlorides and carbonates (Riedel-de-Haen, Germany) and were used as such without further purification. Solvents were distilled at least twice before use. Elemental analysis were taken using Vario Elementar III (Germany). Melting points were recorded on Gallenkamp apparatus and reported as such. Biological activities were carried out by the stated procedure at Pakistan Medical Research Center, Khyber Medical College, Peshawar (PMRC).
Instrumentation
Molar conductances of the solution of the metal complexes were determined with a conductivity meter type HI 8333. Conductometric measurements were carried out at room temperature using freshly prepared solution.
Magnetic susceptibilities were measured by Gouy method at room temperature using Hg[Co(SCN) 4 ] as standard, magnetic moments of complexes were calculated using method cited [34] . The cations were estimated by using analytical procedure [32] .
Infrared spectra were taken in the range of 4000-600 cm -1 on Pye Unicam Infrared Spectrophotometer as KBr disc. The far IR spectra were examined as KBr discs in the region of 400-200 cm -1 (T-IR SHIMADZU).
The absorption spectra of solution of complexes in the range of 400-800 nm using different solvents were obtained on Jasco DEC-1 Spectrophotometer with 1 cm matched quartz cells.
Bioactivities were investigated using agar-well diffusion method [27] . Two to eight hours old bacterial strains inoculums containing approximately 104-106 colony forming units (CFU)/mL were used in these assays. The wells were dug in the media with the help of a sterile metallic borer with centers at least 24 mm. Recommended concentration (100 µL) of the test sample 1 mg/mL in DMSO was introduced in the respective wells. Other wells supplemented with DMSO and reference antibacterial drug, maxipime served as negative and positive controls, respectively. The plates were incubated immediately at 37 o C for 20 hours. Activity was determined by measuring the diameter of zones showing complete inhibition (mm). Growth inhibition was compared with the standard drug maxipime for the selected bacterial strains. In order to clarify any participating role of DMSO in the biological screening, separate studies were carried out with the solutions alone of DMSO and they showed no activity against any bacterial strains. All these complexes were found to be potentially active against these bacterial strains.
Synthesis of 2,2'-(ethane-1,2-diyldiimino)diacetic acid (EDDA)
2 g (0.033 mol) of ethylenediamine in 10 mL of dry ethanol was taken and stirred at room temperature for about 10 min. 6.237 g (0.066 mol) of chloroacetic acid was added to this mixture and stirring continued for one hour. Solid KOH 1.84 g (0.033 mol) was added to this reaction mixture and refluxed for one hour. White precipitate of KBr was filtered off and the filtrate containing EDDA was evaporated through rotary evaporater to get solid product. Solid EDDA was purified by dissolving in dry methanol. Purity was checked by TLC technique. Yield for EDDA obtained was 38%. C 6 H 12 N 2 O 4 calc. C (40.91%), H (6.87%), N (15.90%). Found: C (40.11%), H (6.70%), N (16.30%).
Synthesis of [M(EDDA)2H 2 O]
0.3 g (0.0028 mol) of M(II)CO 3 [where M = Ni(II), Cu(II) and Zn(II)] was dissolved in minimum amount of distilled water. The reaction mixture was stirred 0.4 g (0.0025 mol) of ligand EDDA dissolved in minimum amount distilled water was added to this reaction mixture and the resulting solution was heated up to 60 o C in inert atmosphere until the CO 2 emission completed. Almost it took 10 min. The mixture was left overnight and then concentrated by rotary evaporator. On cooling different colored product was precipitated out. The product was filtered through sintered glass crucible and washed by 5 mL mixture of ice-cold water, ethanol and acetone. The dried product appeared to be stable in air. 
RESULTS AND DISCUSSION
The ligand and solid complexes were characterized by elemental analyses, the % composition of carbon, hydrogen and nitrogen are considerably within the permissible limit to those calculated values. 1 H and 13 C NMR spectrum were obtained for ligand, the 1 H NMR for EDDA showed triplet at 2.63 ppm for the methylene protons at 2 and 3 positions (Figure 1 ), triplet at about 3.05 ppm for methylene protons at position 1 and 2 whereas the carboxylic singlet appears at round about 7 ppm in the spectrum. Similarly the 13 C NMR spectrum of EDDA also showed three singlet peaks which are assigned to methylene carbon atoms at position 2 and 3, 1 and 4 and to the carboxylic carbon. The methylene occupying positions 2 and 3 appeared at around 50 ppm, the methylene at 1 and 2 appeared at 54 ppm and the 180 ppm is assigned to carboxylic carbon.
Elemental analytical data of the ligands and its complexes showed very closeness to the theoretical values and the percentage well fits to the calculated formula. The ligand EDDA behave as tetradentate ligand. In Table 1 are listed molar conductance, melting points and magnetic moment values. The molar conductance values indicate that the complexes are nonelectrolyte. The far IR spectra show M-N stretch around 500 cm -1 . The infrared spectrum of EDDA showed an alteration of N-H and carboxyl frequency, which suggest characterization of tetradentate ligand. There is alteration in the N-H frequency and a complete disappearance of carboxylic O-H frequency from the spectra of coordination complexes which depicts coordination from these two sites. A broad peak at 3340 cm -1 the IR band observed is assigned to the metal to water coordination [33, 34] . The IR data are given in Table 2 . Table 2 . Assignment of absorption bands in IR spectra for EDDA and its complexes (cm -1 ). [Ni(EDDA) 2H 2 
O] complex
The magnetic moment of nickel EDDA complex showed three unpaired electrons. The solution spectrum of nickel(II) EDDA complex showed bands at 19230, 15500 and 14800 cm -1 which are assigned to the transitions 3 A 2g → 3 T 2g ; 3 A 2g → 3 T 1g (F) and 3 A 2g → 3 T 1g (P), respectively. The intensities and bandwidths are also in accordance with O h symmetry (Figure 2 ). 
[Cu(TEEDA)Cl 2 ] complex
The magnetic moment of copper complex is 1.7 B.M which indicates unpaired electron. The solution spectrum of copper(II) complex showed a set of three bands in range of 14000 to 15000 cm -1 which are assigned to 2 T 2g → 2 E g transition. The intensities and bandwidths are in accordance with O h symmetry as shown in Figure 2 [28, 29] .
Zinc complexes
The conductance data of Zn(II) complexes indicate the non-ionic nature of the complex. The non-ionic nature and the elemental data suggest the proposed formula and octahedral geometry may be assigned for the complex [19] .
Bio-assay investigations
The complexes of EDDA were investigated for their bioactivity. The study showed that the metal complexes become more biologically active as compared to neat organic moiety. The complexes of EDDA have been screened against Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and Staphylococcus aureus. The results are reported in Table 3 -6 which reveal increase in inhibition properties upon complexation.
Growth of inhibition zone was compared with standard available drug maxipime. The participating role of the solvent used was also clarified by running the biological screening against DMSO only. Table 3 shows almost no inhibitory activities for Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, moderate activities were observed for Klebsiella pneumoniae. From the data presented it can be deduced that ligand alone cannot account for inhibition of pathogenic organisms. 2 ] as can be depicted from Table 6 . Table 6 . Antibacterial activity of [Zn(EDDA)(H2O)2] against four pathogenic bacteria. 
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CONCLUSIONS
The synthesized coordination metal complexes of EDDA showed octahedral geometries. Magnetic moment studies proved the assigned geometries. The synthesized ligand showed antibacterial properties. In comparison, the metal(II) complexes of EDDA showed more activity against one or more bacterial strains, thus introducing a novel class of metal-based bactericidal agents.
